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ELECTROCHEMICAL STRIP TEST FOR SMALL VOLUMES 
Field of the Invention 

This invention relates to an electrochemical test cell for the measurement 
of reactive species. Such a sensor can be used for the measurement of 
5 enzymes, enzyme substrates, cofactors or mediators. One particular application 
is the measurement of glucose for use in diabetes. 
Background of the Invention 

Diabetes mellitus is the most common endocrine disease and affects 
between 3-8% of the population. Various studies, such as the UK Prospective 
10 Diabetes Study (UKPDS, Lancet, 12th September 1998) have pointed out the 
importance of maintaining a normal glucose level in the blood or plasma, in order 
to delay the onset of diabetic complications. 

Many diabetics monitor their disease by a regime of tests at home. A 
simple means of monitoring their disease is therefore desirable. 
15 Electrochemical strip tests for glucose, electrolytes, lipids and enzymes 

have all been widely discussed in the patent and other literature. For example, 
US-A-4224125 discloses an enzyme electrode system in which an enzyme such 
as glucose oxidase is used to sense glucose. US-A-5820551 discloses such a 
strip electrode fabricated by screen printing. 
20 Summary of the Invention 

The present invention is based on the realisation that, by using 
appropriate chemistry etc, an adequate signal can be achieved if a cavity is 
provided that is smaller than has previously been used, i.e. which holds 500 nL 
or less of blood. In particular, the invention allows the detection of glucose in 
25 whole blood, using a simple to use strip test, characterised in that the volume of 
sample required is very small, e.g. less than 200 nL and down to 50 nL. 

In most respects, a device of the invention can be made from known 
materials. However, it has been found that its size can be reduced, because 
sufficient current density can be achieved that there is adequate sensitivity for 
30 the analyte, typically 90-1 00 nA/mM glucose. 
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The small volume of blood that can be utilised in the invention means that 
the sample can be taken from a part of the body having a low vasculature. Thus, 
for example, the sample can be taken from the arm. 
Brief Description of the Drawings 
5 Figures 1 to 3 of the drawings are each associated plan and side views 

of different illustrative embodiments of the invention. The drawings show a cell 
or sample area 1 , a cover 2, a spacer layer 3, a reference/counter electrode 4, 
a working electrode 5, a cell-defining layer 6, a counter electrode 7, a reference 
electrode 8, and a strip/sample electrode 9. 
10 Description of the Invention 

Electrochemical strips for the detection of glucose in whole blood typically 
comprise an working, reference and counter electrode, or combination thereof, 
for the detection and quantitation of the activity of reagents or reaction products 
on the strip. Examples of these reagents may include enzymes, enzyme 
15 products or mediators accepting electrons from redox enzymes on the strip. 

The electrodes are preferably printed or deposited onto an elongate 
substrate, configured for ease of use by the diabetic and for insertion into a 
reader. Such a substrate may also include other tests of use for the diabetic 
such as, but not limited to, glycosylated haemoglobin, glucose and potassium. 
20' Some of the reagents may be deposited directly onto the electrodes themselves 
or onto other structures incorporated in the device, including wetting meshes 
such as is known in the art. The mesh is preferably as described in WO-A- 
00/28068. The use of a mesh in the cavity, e.g. having an open area of about 
30%, can reduce the sample volume. 
25 Appropriate reagents may be placed on the electrochemical strip test by 

methods including, but not limited to, screen printing and dosing the enzymes or 
enzyme-mediator couples. Especially for the detection of glucose, such 
reagents may be, for example: 

glucose oxidase and ferrocene/ferricyanide 
30 glucose oxidase and oxygen to yield hydrogen peroxide 

glucose dehydrogenase and ferricyanide 
glucose dehydrogenase and NAD and Meldola's Blue 
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The effect of interferents in the test may be reduced by including enzymes 
or chemicals to reduce ascorbate interference, e.g. ascorbate oxidase. 
Haematocrit interference may be reduced by including saponin, digitonin, or 
other lysing agents. 

5 PVP, PVA and other polymers may be included, to increase linearity. 

Surfactants may be added to the device, to aid filling. 

The assay may also incorporate features such as filling via the side of the 
elongate substrate, to assist the diabetic in using the device. This is described 
in WO-A-00/28086 and also WO-A-98/55856 (the contents of both of which are 

1 0 incorporated herein by reference). 

The output from the device may also be quantitated on small electronic 
instrument. Analysis of the output from the device may be via coulometry, 
amperometry, analysis or cyclic voltamogram or other electrochemical analytical 
methods known in the art. 

15 The arrangement of the device may include provision for the sequential 

exposure of reagents to the sample, to allow the reactions to proceed in a 
sequential or time-delayed manner, to optimise the readout. 

In a typical configuration that embodies the invention, the device 
comprises two electrodes placed approximately 100 pm or more apart: a 

20 counter/reference electrode preferably made of Ag/AgCI and a second conductor 
of either Au, Pt, Pt/C or C. A well is constructed by laminating a plastics layer 
around the cell or printing a layer around the cell, as shown in Figure 1-. A top 
cover may then be added to complete the cell. The electrodes are approximately 
100 pm wide and 1000 pm long. Before laminating the top cover onto the 

25 system, the reagents are dosed onto the device. Strips made with a Au, Pt or 
Pt/C conductor may contain glucose oxidase. Hydrogen peroxide is detected 
electrochemically on the strip. Strips made of a carbon conductor may contain 
a redox enzyme (glucose oxidase or glucose dehydrogenase) and a mediator for 
the enzyme (potassium ferricyanide or phenoxazines including Meldola's Blue). 

30 In a second embodiment of the invention, a device comprises 3 

conducting electrodes, namely a working electrode (carbon, Pt, Au or Pt/C), a 
reference electrode made of Ag/AgCI and a counter electrode (C, Pt, Au or Pt/C), 


WO 02/14535 PCT/GB01/03615 

4 

as shown in Figure 2. The reagents, i.e. enzyme, cofactor and mediator, are 
deposited on the working electrode as a single or multiple layers. Alternatively, 
the reagents are dried over the whole of the cell. A channel is created ov6r the 
reagents by laminating a thin plastic layer or printing a layer of adhesive around 
5 the cell. A clear cover with an air exit hole is placed over the device to complete 
the test strip. The cell volume can be further reduced by sandwiching a mesh 
layer between the substrate containing the conducting electrodes and reagents 
and the cover. 

In a third embodiment of the invention, a device comprises 3 conducting 
10 electrodes, namely a working electrode (carbon, Pt, Au or Pt/C), a 
reference/counter electrode made of Ag/AgCI and a strip/sample detection 
electrode (C, Pt, Au or Pt/C), as shown in Figure 3. The reagents, i.e. enzyme, 
cofactor and mediator, are deposited on the working electrode as a single or 
multiple layers. Alternatively, the reagents are dried over the whole of the cell. 
15 A channel is created over the reagents by laminating a thin plastic layer or 
printing a layer of adhesive around the cell. A clear cover with an air exit hole 
is placed over the device to complete the test strip. Again, the cell volume can 
be further reduced by sandwiching a mesh layer between the substrate 
containing the conducting electrodes and reagents and the cover. 
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CLAIMS 

1. A device for the electrochemical detection of an analyte in a sample, 
which comprises electrodes and appropriate reagents on a substrate defining a 
volume within which the sample can be detected, wherein said volume is 500 nL 

5 or less. 

2. A device according to claim 1 , wherein the volume is 50 to 200 nL 

3. A device according to claim 1 or claim 2, wherein the analyte is glucose. 

4. A device according to claim 3, wherein the reagents comprise glucose 
oxidase. 

10 5. A device according to claim 3, wherein the reagents comprise glucose 
dehydrogenase. 

6. A device according to claim 4, wherein the reagents comprise 
ferrocene/ferricyanide. 

7. A device according to claim 5, wherein the reagents comprise 
15 ferricyanide. 

8. A device according to claim 5, wherein the reagents comprise NAD and 
Meldola Blue. 

9. A method for the electrochemical detection of an analyte in a sample, . 
which comprises introducing the sample into the cavity of a device according to 

20 any preceding claim, and detecting the current. 

10. A method according to claim 9, wherein the sample is whole blood. 
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Figure 1 




